A possible replacement of previously recommended Spheron-Thiol resin gel for measuring mercury by diffusive gradients in a thin film (DGT) was studied. Duolite GT73 resin and newly prepared 6-mercaptopurine modified Iontosorb AV as binding phases were tested. The preparation procedure of resin-embedded gels was optimized and DGT with new resin gels verified. The verified DGT containing new resin gels was used for in situ mercury measurement in Svitava River.
Introduction
The diffusive gradients in the thin-films technique (DGT), a relatively new analytical technique capable of measuring in situ concentrations of trace metals in an aquatic environment, has proved to be useful because of its simplicity and wide applicability. It is largely used for measuring kinetically labile metal species in natural waters 1, 2 or trace metal fluxes in sediments and soils. 2, 3 The DGT technique employs two layers of hydrogel, a diffusive layer and a binding phase. The choice of the binding agent and the diffusive layer defines the measured species. During recent years, DGT has been investigated for measuring more than 50 elements. 2, 4 Only a little effort has been expended to measure mercury species, 5-8 though they have attracted great attention concerning environmental contamination monitoring, due to their unique toxicity. 9 This paper follows our previous work 5 dedicated to the determination of mercury by diffusive gradients in the thin-films technique. The commonly used polyacrylamide diffusive gel was not found to be suitable as a diffusive medium for mercury determination, because of mercury binding on the amine groups of polyacrylamide. An agarose diffusive gel having a different structure from polyacrylamide gel was tested and recommended. Moreover, the use of another resin, Spheron-Thiol with -SH groups, instead of the most frequently used Chelex-100 resin, has been described. Iminodiacetic groups of Chelex-100 enable one to assess only ionic mercury and mercury related to weak complexes. Thiol groups of Spheron-Thiol are capable of reacting with mercury bonded even in very strong complexes. The concentrations obtained by DGT with Speron-Thiol were found to be very similar to those obtained by direct measurements of total dissolved mercury. 6 A resin with thiol groups presents the best choice for mercury determination.
Spheron-Thiol prepared by Smrž and Hradil 10 is not available in the market at present, and therefore possible alternatives were studied in the present work. We studied an application of commercially available Duolite GT73 resin, recently used for the preconcentration of noble metals prior to determinations of these metals by ICP-OES, 11, 12 or in industrial processes for removing heavy metals from wastewater 13, 14 and the application of a new Iontosorb AV-MP resin synthesized in the laboratory. A 6-mercaptopurine functionalized sorbent was successfully used in foretime for the determination of mercury and silver in environmental samples by AAS. 15 The preparation procedure of new resin gels was optimized and the DGT technique verified. The verified DGT containing new resin gels was used for in situ mercury measurements in Svitava River.
Experimental

Reagents and chemicals
All of the reagents were of analytical-reagent grade. All water used in this study was high-purity demineralized water (conductivity 0.05 mS cm -1 , Millipore, USA). Mercury solutions were prepared from a 1 g L -1 stock standard solution (AstasolHg, Analytica Ltd., Czech Republic). The temperature of mercury solutions was 25 ± 1˚C and the pH 5. A hydrogel with incorporated Duolite GT73 resin (Sigma-Aldrich, Germany) was prepared using acrylamide (Sigma-Aldrich), N,N,N¢,N¢-tetramethylethylendiamin (Sigma-Aldrich), ammonium persulfate (Sigma-Aldrich) and a patented agarose-based crosslinker (DGT Research Ltd., UK). Hydrogels with incorporated Iontosorb AV-MP resin and diffusive gels were prepared from agarose (Merck, Germany). To protect the outer surface of the diffusive gel, a 0.45-mm pore size membrane (Pall Corporation, USA) was used. For preparing of 6-mercaptopurine modified Iontosorb AV resin (Iontosorb AV-MP), Iontosorb AV (Iontosorb, Czech Republic), 6-mercaptopurine (Sigma-Aldrich) hydrochloric acid (Penta, Czech Republic), sodium nitrite (Lachema, Czech Republic) and potassium carbonate (Lachema) were used. For the quantitative determination of thiol groups in Iontosorb AV-MP resin, potassium iodine and sodium thiosulfate (Lachema) were used.
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Apparatus
DGT probes (piston type, 2.5 cm in diameter with an exposed area of 3.14 cm 2 ) were obtained from DGT Research Ltd. (Lancaster, UK), and assembled as described previously. 5 The determination of mercury was performed using a one-purpose atomic absorption spectrometer, AMA 254 (Altec, Czech Republic). For pretreating the resin, a porcelain mortar and a Teflon sieve (0.09 mm) were used. All testing solutions were stirred (900 rpm) using a magnetic stirrer. For measuring of the pH and the temperature, a WTW-320 multimeter (WTW, Germany) was used. Dissolved organic carbon was measured using a Shimadzu 5000 (Shimadzu, Japan) elemental analyzer. For the qualitative determination of thiol groups in Iontosorb AV-MP resin, an infrared spectrometer (Nicolet Impact 400, Nicolet, USA) was used.
Duolite-GT73 pretreatment
Because of the large diameter size of Duolite GT73 resin particles (0.5 -0.7 mm), it was impossible to incorporate the resin into the polyacrylamide hydrogel (the thickness of plastic spacers determining the diameter size of the resin was 0.25 mm). For this reason, a pretreatment of the resin before use was necessary. The resin was ground in porcelain mortar, and then sieved with 0.09 mm Teflon sieve. The fraction passed through the sieve was soaked in a hydrochloric acid solution overnight, then washed several times with ultrapure water, and used for resin gel preparation. The resulting thickness of the prepared gel after swelling in deionized water was 0.4 mm.
Iontosorb AV-MP synthesis and characterization
Iontosorb AV (modified bead-form cellulose containing aminoaryl-b-ethylsulfone groups) was washed in ethanol, and then with ultrapure water. After the flushing of Iontosorb AV, this sorbent was modified using diazotation and coupling reactions. 15, 16 An amount of 5 g Iontosorb AV was washed with hydrochloric acid and then with ultrapure water until achieving neutral pH. After washing, diazotation was performed at 0 -5˚C using 1 mol L -1 solutions of hydrochloric acid and sodium nitrite. Diazotation was stopped after adding of 40 mL of reagents. A yellow product was filtered out and washed several times with ultrapure water. Diazonium salt was then added to a continuously mixed and cooled reactor containing 3.5 g of 6-mercaptopurine dissolved in 10% sodium carbonate. After 24 h a new red-brown product was filtered out, washed several times with ultrapure water and dried in an exicator. A qualitative test was performed using infrared spectroscopy. The infrared spectrum of a new functionalized resin was compared with a blank infrared spectrum of Iontosorb AV. A quantitative test of thiol groups was performed by iodometric titration at pH ~9. To 50 mg of modified Iontosorb AV, 25 mL of 0.001 mol L -1 potassium iodine was added, and after 5 min of shaking and 30 min of standing in the dark, the resulting solution was titrated by 0.001 mol L -1 ammonium thiosulfate.
Hydrogels preparation
The preparation of Duolite GT73 embedded gel, comprising 15% by volume acrylamide and a 0.3% cross-linker, followed a procedure used by Zhang and Davison. 1 A freshly prepared ammonium persulfate initiator (15 mL) and a N,N,N¢,N¢-tetramethylethylendiamin catalyst (5 mL) were added to 2 mL of gel solution containing 0.3 g of crushed Duolite GT73 resin. The resulting gel solution was cast between two glass plates separated by plastic spacers, and was set in an incubator at (42 ± 2)˚C for 45 min. Prepared hydrogel sheets were hydrated for at least 24 h in water, and then discs of 2.5 cm in diameter were cut from these sheets. Iontosorb AV-MP embedded gel was prepared by a different way. After an amount of 0.2 g of Iontosorb AV-MP was mixed together with a hot 2% agarose solution, this solution was transferred between two preheated glass plates separated by plastic spacers, and left to form the gel at room temperature. Similarly, agarose diffusive gels were prepared from a 2% agarose hot solution. All types of gels were stored in water before use. The thicknesses of the prepared gels were 0.4 mm for resin gels and 0.7 mm for diffusive gels.
Basic DGT performance tests
After deploying of a DGT unit for time t in a solution, the amount of metal ions absorbed by the resin is analyzed, and the mass M of captured metals determined. The amount of metal accumulated within the binding phase under these conditions is assumed to be equivalent to the amount of metal ion passing through the diffusive layer. The time-average concentration of metal in the bulk solution, cDGT, thus can be calculated with the help of Fick's first law of diffusion, if the diffusion coefficient, D, of the metal in ion-permeable hydrogel, the thickness of the diffusive layer, Dg, and the exposure surface area, A, is known by Eq. (1):
Two basic tests 1 were performed in order to test the validity of DGT. A 10 mg L -1 mercury solution was used in both of these experiments. In the recovery test, 10 DGT units were immersed into the test solution and after 3 h of exposure, mercury was determined in resin gels. During all of these tests, the concentration of mercury in solution was continuously controlled, because the significant adsorption of mercury on the surface of all types of containers is a well-known phenomenon. 5 In the second test, 8 DGT units were immersed into the test solution, and after intervals of 2, 4, 6 and 8 h, two DGT units were taken out from the solution and the mass of accumulated mercury in resin gels was determined.
Field application
Five DGT sampling units filled with agarose diffusive gels and Duolite GT73 and Iontosorb AV-MP resin gel were deployed in situ in stream of Svitava River in the Ob^any part of Brno, Czech Republic. The sampling units were anchored to a nylon string, fixed on a river bridge and suspended for 7 days approximately 0.5 m under the water surface. After the deployment time, DGT sampling units were rinsed with distilled water and kept in clean polyethylene bags for the transport to laboratory. On the first and last days of deployment, 1 L of a water sample was collected in a brown glass bottle containing preservation agents, 17 and the temperature and pH of the river water were recorded. Dissolved organic carbon and mercury concentrations were measured in the laboratory.
Results and Discussion
The successful incorporation of 6-mercaptopurine to Iontosorb AV was proved by the change in the resin color from white to red-brown. In a comparison with the Iontosorb AV infrared spectra, the infrared spectra of Iontosorb AV-MP showed new bands at 1520 cm -1 for N=N, 1626 cm -1 for C=N, 2360 cm -1 for -S-H and 3457 cm -1 for -N-H stretches. Other vibrations at 720, 1062, 1518 and 2918 cm -1 showed the presence of a 6-mercaptopurine skeleton in Iontosorb AV-MP (Fig. 1) . The amount of thiol groups was determined by iodometric titration to be 0.5 mmol g -1 . This should be sufficient to prevent saturation of the functional groups when DGT sampling units are deployed in natural water locations.
To be sure that the Duolite GT73 and Iontosorb AV-MP resin gel preparation procedure is correct and reproducible, several sheets of resin gels containing these sorbents were prepared, and 10 discs were cut randomly from the sheets, and were used to assemble the DGT units. Before starting the test, a 10 mg L -1 mercury solution was prepared and left to equilibrate overnight. Due to the absorption of mercury to the container walls, the mercury concentration in a prepared solution decreased and the final stable concentration measured by AAS was 8.4 ± 0.2 mg L -1 . The DGT units were subsequently immersed in this stirred solution for 3 h. The results from the experiment are given in Table 1 . The calculated DGT concentrations differ from each other by less than 10%; moreover, the average DGT concentration agrees with the concentration measured by an independent technique (AAS). It showed that resin gels can be prepared repeatedly with the same quality, and that they work well.
The correct function of all prepared gels was tested again in a time dependence test.
1 DGT units were exposed for up to 8 h in an equilibrated 10 mg L -1 mercury solution. The final stable concentration of mercury in this solution was 8.6 ± 0.3 mg L -1 . As can be seen from Fig. 2 , the mass of mercury accumulated in the resin gel increased linearly with the time, and the measured mass of accumulated mercury in DGT sampling units agrees with a theoretical prediction using Eq. (1).
In July 2007, five DGT sampling units filled with agarose diffusive gel and Duolite GT73 resin gel were used to measure the in situ mercury concentration in the Svitava River in the Ob^any part of Brno, Czech Republic. The average temperature during the deployment time was 17.5 ± 0.5˚C, and the average pH was 7.89 ± 0.12. The amount of dissolved organic carbon during the deployment was 6.4 ± 0.2 mg L -1 . In our previous study, 5 . This value is slightly lower than the value of the total dissolved mercury concentration (94 ± 6 ng L -1 ), which indicates that some part of mercury in the river water is complexed by dissolved organic carbon. Mercury strongly complexed with dissolved organic carbon can pass through a 0.45-mm filter, and can be further analyzed, but in the case of DGT these complexes are excluded from the measurement. 18 At the same place (Svitava River, Ob^any part 
Conclusions
This study demonstrated that there are some possibilities to replace Spheron-Thiol resin gel in diffusive gradients in the thin-films technique in order to measure mercury in an aquatic environment. There are no mercury specific resins applicable for direct use in the DGT technique on the market; however, some available resins can be used after a pretreatment in the laboratory. As an example of this approach, we used Duolite GT73 resin. After graining, sieving and acid washing of this resin it was useable for incorporation into the polyacrylamide gel. Another possibility is to prepare characteristic resin directly in the laboratory. For this purpose, we used Iontosorb AV resin, which was modified with 6-mercaptopurine using simple diazotation and coupling reactions. All resin gels prepared from Duolite GT73 or Iontosorb AV-MP resins match all of the requirements for a correct function of the DGT technique. After verification of DGT in the laboratory, the DGT technique with new resin gels was successfully used to measure the in situ mercury concentration in Svitava River. 
